Introduction
High emissivity coatings have received a great attention recently, especially for spacecraft applications [1, 2] , radiative cooling applications [3] and electrical insulation [4] .
These coatings provide enhanced radiant heat transfer from refractory surfaces, allowing a substantial reduction in energy cost and emissions in direct-fired furnaces [5] [6] . The solar cells on spacecraft are exposed to very harsh thermal environment during friction between space vehicle surface and atmosphere, which seriously affect the lifetime and performance of solar cells on spacecrafts [7] [8] . Therefore, thermal radiative properties of surface coatings are important because as the temperature increases, conversion efficiency of the solar cells and life time of material decreases. Hence, high emissivity coating is deposited on spacecraft to decrease the surface temperature by the radiation. These coatings effectively transfer the heat by radiation [9] . Applying a high-emissivity coating on the furnace wall increases the net temperature in the interior of the furnace, and which ultimately helps to save power [10] [11] .
Shioya et al. [12] have reported 13% energy saving in fuel consumption, after application of high emissivity (0.90) coating inside the furnace.
Emittance (ε) is an important material property that enables determining the emissive power of a real body. The emittance depends on the reflectance (R) and transmittance (τ) of the material, which, in turn, depends on temperature (T) of the material and wavelength (λ) of the radiation. According to Kirchhoff's law for perfectly opaque bodies ε = 1 − R. The emittance here is characterized to describe the surface radiative property which involves the transfer of heat by electromagnetic radiation arising due to the temperature of a body. The total normal emissivity at room temperature, is calculated by integrating spectral reflectance in the spectral region of 2.5-25 µm wavelength and is expressed as: [3, 12] ,
where  is incident angle, i b (λ,T) is the spectral intensity of a blackbody at temperature T.
This spectral region includes emissive power of a body at room temperature. Hence low reflectance in far infrared region centered around 10 µm produces high emissivity at room temperature. The emissivity study in this spectral region is usually used for thermal design of spacecraft [13] .
In the literature, many high emissivity coatings are reported for thermal protection of solar cells, spacecrafts and energy saving application for industrial furnace to lower the surface temperature by various deposition methods. Kazomori et al. [1] 
Experimental details
The samples were prepared on sand-blasted SS304 substrates. In sand blasting process, a smooth surface is converted into a rough surface to enhance the emissivity and adhesion of the coating material. The sand blasting has been carried out for about 3 min, which induces a root mean square roughness of 2.9 m. It may be noted that sandblasted bare SS substrates M HCl) was added to this solution and continuously magnetically stirred for 24 hrs at room temperature for complete hydrolysis [22] . The molar ratio of TEOS: EtOH: H 2 O is 1:40:2.
The resulted sol was used for deposition after 24 hrs aging at room temperature. Al(O-secBu) 3 and isopropyl alcohol were mixed and magnetically stirred at room temperature for 1 hr.
Ethyl acetoacetate was added to the solution as a chelating agent to control the rate of reaction and solution was continuously magnetically stirred for 24 hrs [23] . After stirring, water diluted with i-PrOH was carefully added drop wise to the solution for hydrolysis and continued stirring for 2 hrs. The molar ratios of i-PrOH, EAcAc, and H 2 O to Al(O-sec-Bu) 3 were 20, 1 and 2, respectively. 
This equation suggests that k should be as low as possible to increase the penetration depth. Therefore, a material which has high penetration depth is required to achieve high Hence these high emissivity and low absorptance coatings are useful in heating furnace for energy saving purpose as well as in spacecraft applications [25] [26] . [28] .
Reflectance measurement studies

Microstructural and structural characterization
The surface morphologies of single layer [29] [30] . Also, as it is seen from the X-ray diffraction pattern of the Al 2 O 3 , the broad peak from 13-20° angle confirms the amorphous nature of the alumina film [31] . The sharp peak at 2θ = 55.6 o is from the silicon substrate.
X-ray photoelectron spectroscopy was used to study the bonding structure of sol-gel synthesized SiO 2 and Al 2 O 3 coatings. The survey scan spectra confirmed the presence of Si, Al and O in the SiO 2 and Al 2 O 3 coatings and are shown in Figure 9 . The presence of silicon in the Al 2 O 3 coating was also observed from the survey spectrum and this may be originated from the silicon substrate. This is because, the sol-gel synthesized Al 2 O 3 coatings are highly porous in nature and it was confirmed from the FESEM micrographs ( Fig.7(d) ). Figure 10(a) and (b) shows the core level high-resolution XPS spectra of the single layer SiO 2 coating.
The Si 2p ( Fig. 10(a) ) and O 1s spectra (Fig. 10(b) ) showed characteristic peaks at 102.86
and 532.16 eV, which correspond to Si-O bonding [32] [33] . Similarly, the Al 2p (Fig. 10(c)) and O 1s spectra ( Fig. 10(d) carbon nanotubes in this layer [7] . The Al 2 O 3 layer deposited on such SiO 2 coating can further enhance the emittance up to 0.97 and reduce the absorptance less than 0.20 [17] .
Conclusion
The 
